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(57) imm Z;X7r*t, 

fit, Jt#»«iS*»6til***ifcai*3tfll^*3t 
7 <f ^ fcflH&T 2> C £ «fc r> v - tf > ^©/h $ n 




(2) 



&m 200 1-22 2037 



±E#*»S»*fc «k 0 ±E3tfl«K^* - tf >y££C 

[«*H2] §»*Jll icE*S©75teT*oT. 
±Eft*»*iS ttIE*0-** jf#T *3t 7 3"f AT* * 

[f**3l3] H*q|lKE«0*ttT»-3T. 
±Ett7*;l^tt±Ett«*0*/Wft*l;:*H»fc-Sr 

[1***4] f**3S3iCEtt©7JffiT£oT. 

3t«^©/t;bxo^'f >x a—y'mz&vtzr* - 1;> 

iEJtJSttWjfiCA^StlS^^JtflU**^©^*- 

[»*317] i**3Sl l:ffifOjffiT$7T, 
±EttJrt#«^##tt*«*ft*J:5fc±BffiattfflM» 
ic * X t- y (c« x. tz TJffi. 

[1***8] St**7JCE*£©7JteT£^T, 
±E3t««*i6ttIE#*H!fc«:if#T'5SS 1 ©3t7 7< A 
T&9, 

±E#**«»ttR##«*»#-r ** 2 ©3t 7 r -f A 
T*9, 

±ESg 2 OJt7 7-f /td»6a*$tifcitfi^O/^X tf 

*J:5C±EiB2 03tt7T-f/ , CO«-«fflR^A*^ , 7- 
£H3fi5TSX^-;/ y«rjeK«*fc^». 

[1**319] W#*8»CE«0*»T*tjT, 
±Eg20^77<A!i^|iJ*$nt^O/UX(i 
a*±EJB l ®7t7 7-f /<l:A*snfeMfo/VW(S 
K:SWaHftT*J:5K:±EHlrt3n&ftflH»*3fcA> K 
AX 7 -< fC#*ST £Xx-y 7*£M!ctiAfc7J?£. 

[1***10] i»**lfcE«©2rSsT*-?T. 
±E3ti»««ljfiCA*Sn*^*it«^*/t^X£E«r 

[§*** 1 1 ] at** 1 o ce«©*sst* ? t. 

±E/^UXffi«'r*AT-y^ttjE#»*t«ttr**l 



©7t77<AWSS»»*lftt5f 2 ©ft 7 r-f A 
lC±E3tli#Sraia$-fr^7.x 7°^tf7jffi 0 
[f***12] fi***l fcEtt©2ri*T*oT. 
±E3t»««iSfc A7J 3 n* ^S#«*tt«Rcwtm# 

[»*S13] f***l 2KE*©75f£Tfc-pT, 
±E3tilHS*attiE«»*t*«-r *3t 7 7 -f AT* 
9, ±^77^A'ft±!2WDMfl§jtffl^DXl — ^ 
a*58£bfcVMISK*££#«^£WbT^*:£8u 

»*ii4] A^$n^7t«^ir?^-e>y*t^ 

[1***1 5] 1***1 4tCE*©SST*^T. 

±Ejt»««iattiE*»**a«r«5t7 r-r at** 

[»**1 6] W**l 4fcEf08lT»oT. 
±E*7^;P^tt±E3t«*o^D>«fttc*««K:-S 
TS4 , 'fr&:6S::rr«»3fcA> h'X hyT'^'C^^T** 

M*117] 1**311 6 fcEt08iT?*?t. 

±EW*3t«^*»«*6*n±E3t«*©A;i'Xo/-r > 

>^^^^-r*5tA>h'AX7>c;U^^jE(C<«x.Ac 
[»**18] 1***1 4KE*©g«T*oT, 

±E3t«ift«jfi»cA*$n-5^^5tm#^«&$n±s 

[1*** 1 9 ] 1**31 1 4 fcE«OSt«T* ot, 
* - fcf >^#StiS«t 5 tcftif *rr 3}fcit*iS§£Mt:: 
[It** 2 0 ] I*** 1 5 t::E*©£iMT*oT. 

±Eia*5t«**««i&*n*»**iflt«&Hfc«i>Lfcs 
s. 

[IS** 2 1] 1**312 OCEtOSITft^T, 
±E*#*«itttiE#»«?£*«-r*JBlOJtt7r-f A* 
T*9> 

±E»**ifll«ttS1lf»fft*«tt-r SIB 2 <D%7 A 
T*9, 

*«±E* 1 ®3tt7 r AtcA*Snfc3t(B^©^;i/X« 

tttfti-st-rsj: -5 iz±mmti^rLrzytm^m^ti 

•57tA-> K AT. 7 W )l>5> &W.lZffi7Lftmm. 
[1**312 2] «*J11 4lcE«OSMTfe^T, 

±E3ti»ia[«iiSfcA*an-6'<#3tt«*«rA;i'XjE«-r 

[«*312 3] !»*312 2fcE«©««T*oT. 



(3) 
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77^ /t&tf JMt#**JI«f 2 ©ft 7 7"f A** 
[|»**2 4] »*3«1 4tCB«©ggT£oT, 

[f»*3S2 5] St*«2 4KE«©8«T*?T* 
0, ±E3e7 7-f>ttt±BWDMflHWIW>*n*h— * 

±Btt 7 7 -f /teais* 6 m *j s ftfc3fcflrea*«i& s n 
±E3t*»*jfid»6m*snfca*3t«#* t 4it 

*&$tt±E? + - tf >7*©'h£ liJSJc^-ftHHfef *3t7 * 

C»*«2 7] SU#a2 6l:E*©i'7fAT«o 
T, 

[BUR* 2 8] Wf#JS2 7 CBt©^fAT*o 
T. 

±Eft 7 7 -f AeSUS© A*StK:»tt3 n&*si«« 

<t, ±E»2©ft7r^Ae»»©ffla«ic»i**nfc 

T, 

±B7t7 r-f A-eMssicfc »jea*n*3t«*tt«[»c© 

Jt« * l> T» 6 tlfc W D M«^3tT & * 

[fS*3S3 0] ff#H2 7 HB«©->7.xATS.o 
T, 

±Eft 7 r -f A'£ms§Rtf±KSg 2 ©ft 7 t -f Afeiiigg 
©&*f4, '>&<<hfcl^©ftWI§§£l§rtJftti*I*8* 

±E3t*««ljtttiE#»**ai«-f *« 1 ©ft7 7-f A* 

±B3t7Y^*»6ffi*Stlfcje«^*it*L/T-t©it 

Jc«»-*-*Xxy7**Mfc«Afc*ft. 

[«**3 2] |||*ai4l:EtOfiIT»5T. 
±E3t»**iStt£*$HR*II*T*JS l ©ft? 7< A 

St, 



©ft 7 7 -f A* 1 £Jg IC« 

±ESfl 2®Jt77-f /XttjE*$HR*»«"r 

[*9!©iMlllfrIft91) 

[0 0 0 1] 

[56WO«f *$69itt. ftft^©iS£©fc 

[0 0 0 2] jfi^^b$nTt^Jt7 7<A*jim->X 

7-©<g;T£, XJHf-7AF— 7*7 7-f AiifflS (ED 
FA) #©Jtit««Sffl^T*l«bTV»a. ftiiffiSite 

£>£fc5ftfcbft (ASE) Jt*O#4DKJ;0fll***ai*tk 
(S/NJt) T^gT-r*©-?, 4»«HkWJT»4e3IEl* 
KIRJ!W£i;«. Sfc, *77'fn0^!S!AM^7 

#a^sht*?>. ^e>b7cKi^^fr^-r^fc©tc(4, 
[0003] ±ftm£.*m&iz&Ef3.mmt. ^fis^ 

X14'J7>7'J 7^f y-va > (Reampl i f ic 
a t i on) <h, 9< 5 >7*?f £X«U 5^7* (R 
e t imi ng) SiJggffiJXte'J ->x-f tf>y (R 
e s h a p i n g) <hT&£. *^HJt4. dft£©5^ 
'J 7>7*>J 7-f^r->3 >KtfU ->i-f tf>^©« 

flglC^gLT, ft7 7<A^©fti»i£#tigl*3£ftA;PX 

*«e«rr*i»»c«^*eE4t«*n (spm) 3»*kj: 

S£*8lil J S»ft*f h'7-7©&S/-K#'f >Mc45 
[0 0 0 4] 

[S£*©S«] »»SE#SrtV>tt3fcS£*£bT«t>- 
AS:l$tefc©te, A*/ft«^£7* h^-f^-b'^©^ 

^@K«:fflViTil»«HC»[»*»«iaLfc», COW 
Tr U— tf ft^STT 5 «fc 5 tc UfcO E 9-4 Ztfrl&MXSm 

TlHlS8(c<J;oT$iM$ns©T, W£*8fc§§©A7j<l^ 

[0 0 0 5] — 7J, ^TftWWTrfflSTS^Jfc^'f 7* 
©«»*»»£ LTtt. Sift^&^^^«S^-7°5 

7— (nolm) ^r;vy >s*i>tt7?Ayi> 

j'SOf8li^fflfiEO*«f^'f7T, HHt4jafig«)©iR 



(4) 
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W-l 1 - 1 3 3 5 7 6§. 1 1 - 2 3 9 8 5 4 

1 1 - 2 9 3 1 8 9 *t#B§) » 
[0 0 0 6] U*>U ±3ffiUfcfiE*08itflSCJ:*«^ 
-SIC 1 ^r*J^f^b7M&gT5£i#T£&^<h 

1/ * 5 V » tt7t«^ £ H £T * * O T 
[0 0 0 7] 

[fgW*i»StL-«k'5i:i"SK]l] <t?T, #fS9§a>SW 

[0 0 0 8] #3S9!£>fi&<Z)gfl<Jte. WDM (&*##J£- 

[0 0 0 9] *5BW©3e»:flSOBWtt6tTOKW*»698 
[0 0 10] 

[0 0 11] /tJU7.«cD^«^(C*3^T?^-tf>^<D 

ac/xtt«/t7-»»o5ift»6#t>*«>i#*i»*-r 

* -5 COT, Jtfll-^O fcfy h V— h-*>AW*JB 

[0 0 12] *fc. 3^-£>yro/h£^j&#£i&3rr 

OTF teWyt*??.—. fffryj %£<D£o\Z& 

♦•<«.*> -^(MTf 7*- 

•-Ad 

[0 0 2 0] iClr. z e ff=[l-exp (— az) ] 

[0 0 2 1] COi:f< ?*--76 wnl«WTT#^.5 

ar 3t l, 

[0 0 2 3] I U (0, T) |*tttT— ^/t?— CttS 

r*^e>. (2) actfttf, tt/wxwfta&a-fcistt 



[0 0 13] *^BJ©^2CD#JffilrJ;^)i. #«**B 
fcftflW r - fcT > f **4 U * <fc 5 * Jfi 

[0 0 14] *»«C*V»T. ^«tifitl/t(J, IE 

tc <t o ^ic^ * - tr >y*£i;s c: 

[0 0 15] *«WTtt. SMtttfcft«*K?-*-fc:> 

©ftitipl§§ IC £ 0 tfti L T t> «fc 
[0 0 16] *«WO»30«ffil:±4i:, 3tffl«£« 

«w & aba s nfcft«*a*#ies ns^^s^ss t 

[0 0 17] 

[0 0 18] lr»$. *ET 0 , K— ^/t«7— Po«>3C/tJ]/^ 

u (z, t) a*ft:7 7<A*s:e8t-r-5*§-&*#*--5. 

dCJC, TttJt/^l/Xttt>K»r<tf«*TOD«fHT* 

<, »**l d =to 2 / i 02 1 awwxtearrsjMi 
-t-frSi^ (Ld>Lnl> spm (iSffiffi^ 

S3) tC<fc£<K:*B->:7 h<i>NL (z, L) tt^T<D«t-5tC^ 

[0 0 19] 
[fell 

(i) 

[0 0 2 2] 
[»2] 

C2) 

3tAW*K**.. »*tiT^^ N;nfets*r*. 

[0 0 2 4] — MtLX. m%.<OX—rt—J3'y~>7> 
(Super-Gaussian) MoytrtfrT* 
[0 0 2 5] 



(5) 
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t*3] 

2T„" 

[0 0 2 6] £ft7 7^ At A2)-f *<h, 
(2) ££9, 

[0 0 2 8] fct, iI#CD#£->7> (Gau 

s s i an) /VVX (m= 1 ) fP^TWU 

[0 0 3 0] (3) - (5) 5£CD&^£® 1 CD 

(A) Rtf (B) t*"t. BIO (A) fttf (B) t*> 
lr>T, 7 >A)t/X (m=l) CD«-££^L 

XCD&££:^LT^-5. ;^®^D-^l:»oTf t 
jfcBHMrTtt, 6w<0. 

[0 0 3 1 ] 01 O (A) Xtf (B) tt, #A;PXtS 

PMsri^^-v-y^-^A^.cttc.toT. a;i/xcdb# 

4$K«Bfc©tt, 9 L *-7cD*£fcXD-:7"*ffett>fi<i: 
AST**. CCDii^ffl^T, «Atfh:-*RtHB#iS 

[0032] gp*., *r3e/^i'^«:3e7r-fn«fte» 

ft t * $ fc 3ft t m «* « t #81 L ? +• - t^cd* 
(<5w~0) friScOX"^ h;Uj$#£tt/OKX h 
V?7 4)\>* (BSP) S:ffllJT*+WKI**r2>. * 

[0 0 3 3] jSJ^-r-^-^^-SfcaocD^SiLTfi, 
Jt7r-f Mcoj£g#«t (GVD) *flHr»*2FS**** . 
4. iCD^ffi-eti. GVD*</32T*-57r-f A**S:e 
»ti)!t/VWtt. )3 2 >OfiP^iES#»>'7"f A**T 
S P MCD^tf^«7 y Z. ttf 

7<A<p£eJ&£-tt5c:i:t,£D, SPMCt^ft- 

[0 0 3 4] S PM\Z£%T*--7'$:%)mmz%3i21t 
Zfz&lZit: 77-f^OTl^*<t5*l!J«*S. 
Hftt. 7t7 7-f/N*CDr 

[0 0 3 5] 



(3) 

[0 0 2 7] 
[&4] 

(4) 

[0 0 2 9] 
[&5] 

[&6] 



[0036] ti^ns. dct, wii^^^isis, c 
jB#T^t*«iziT«(fffi*^^n-?n«-r 0 €£*cdd s f 

(ftfflLi/7 h7r-f A') 0*«»«ftttT = 2. 6M-1 
tttkm~l 0 kma±©*S«Ji6JHT»-afc. iOS 

RT+^stt^v— T'tse^-rifci&fctt, (12) 

(MFD) , ftt>TAeff*/hS<L.T>l63****<-r 
3 n25r^S<T^^g:i:bTtt. ? 

7«> Kt^s/JfMSFSri&bnU 37l:GeC2*S*>aO 

mtf 2 5-3 0mol% CD^-&T 5 X l O-20 m 2/W£A 
±CD^#^n2ffldi#e.nx^^> M*Oi'iJ*77-f 
A'Tttn2~3. 2 X 1 O-20 m 2 / 'w) . —77, MFD* 
'h2<-TZ>Z\tte. 37t77-y H©JtJB»r**^>3i7 
/gWcD^fh{C«tOWtg-rS-5o ±IBGeC2^iP7 7-r 

MFD~4 MmSftCDfeCDA^^tlTV^o dtl^CD^ 
*®«^»*i:UTl 5'V?"lkm-lH±0*«ft7l«) 
77-f A'*tf f,tlTH5. 
[0 0 3 7] tit ^T+»*< 

UfcO, ^V-^««*-rSfcJ6ttt, C5bfc77-f 
/'C«DGVD*tt3StlU|pII6-Tf**Ct3&«a*n*. d 
0^tHLTfc±ISA7^— ^S'StTCDipt^-rS 
ctiaDBjffiT**. S-f, 1S©dcfi:^t, 
HRCM F D «-SCOtftft?AS*« < T * <i#«J 

[0 0 3 8] CCDipZJTj^tctO, r=15V\-lkm 




(6) 
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-hX±(Dft#mMftm->7b7T'frt (HNL-DS 

f) ❖dcf (Mi«7 7<n) tfnmLx^z. m 

*tf, 7=1 5W-lkm-l©77-f A'tiii^ODSFtr 

tt^T2. 6/i5~i/5. 7mm<D&2rmc®m 

kmiS0fiS^STJ&5^, d©«fc5&7 7-rA*T 
«1~2 kmSSCDft$T(pI«0^*^^T^^. H 

CO 0 3 9] 0 2te#fgBJ|~£;5ftff^<7)fS£g@WSg 
3t7r-f A2©GVDttj82T*0. #77lVS 

[0 0 4 0] tf'tSfiAss^r-r^jtfli^tbTflaflr* 

7 7<f A2CA*3ft*. ft77< A2rtK*5^Tti„ 

& *rot 7 7 < a 2 a» s ma a nfctiJ*^ffl^«. 

B±#*©*'WSftaUs©A> h'7. t>y7"7 4)\,9 

(BSF) 8£iIi®LT^-£>^©/h£^/£#;*S|ifc 
*Sft&», *<W^«&*Us©«£AJU7 1 OtftB* 

[0 0 4 1] ?*-\d>{fC0fr-2Uf8.ft\Z\t. &Z*7 
A 7- (0«F-&) ({flX-tfGV 

(OSNR) £fc£#W-5t><Z>T?i&*©-e v Cl©g&#£ 
B S F{C«fcl?^*T-5C:t«C<fcO, in6©^ffl/t7 
-SCKk iSttifcfcfls, J#*R««SK;:J:*OSNR©eT 

[0 0 4 2] #BWEJe*tt«*©lf£©**fc#» 
Kfcl^lMJWfc 2 R CJ 7>7'J 7* $r— >g >Rtf U 
[0 0 4 3] *fBW©*jfi«riiBtt*ffNsr*fc 

0 p sO/VVXtfi&^X Op sVkm, r = 2 0r' 
km-l©jE*#«7 7<A*ft£»T4*^«:#*.*. P 
0=10 0mWiSTA*t5i:nt, LD=10km. 
Lnl=0- 5kmt*5*^, Lo>LNL* t ^'5 3i^ > o 

[0 0 4 4] ^Otfft-yfiwH L=lkmOi: 
* 1 6 2 GH z (0. 2 1 nm) R*©*fl=T 
P0=2 0 OmWitWl 3 2 4GHz (0. 4 3n 
m) — 75\ To= 5 p s C/yWSffil»«it 

tltf, L = 0. 5 km, Po=2 0 0mWCWbT3 3 



3GHz (0. 43nm) 5 ~ 1 0 p s ©*§A 

;P7J'^UT«> 0d*.tf4 0Gb/sgg©«#T-&-p 
Tfcv 2 0 0mWSa©tf-7/^7-«it«^B»cSI 
StWf£T&D> *f«0. 2nmig©BSF%^I?It 

[0 0 4 5] H3tt**WC«t*3t«^CD?l4*«©S! 

# 7 7 -r a* 2 ^ 6 m * a nfc m *3tfi*t# a > f t. 

h-y7°7^;i/^8fc*ttT!ft<A*>HA7.7^;i'5' (BP 

f) 1 2S"bafflf *A3fcanT^<&. ;of/u7 

-i-^^l 2©iiiS^«©4 1 'L,^ft«As(C^$nT^ 
>H7h^7 p 7^JU5'8S.^;\*>KAX7^;U^ 12tf 

[0 0 4 6] H4S«^T. 0 3l;f$n§A> 

KXhy^^MSS^O K/17 7-c;P^ 1 2©S 

[0 0 4 7] H4tt*fBMtJ:afl4ittO«^/^Xrt 
©3lflE»6«f*^L.Tfe«5, -tOflUftttHSW (T) 
•5. ^©A;P7x©#8S^©S PMJC<t-55 1 ^-tf>7'^ 
*^Zt. aRtfa '©&#teftif*I&©g«$4fc 

m^t (ASE) JS**v^47r'f Afi2l»cJ:*»»S«5 
fcE&Jfc-Tfc'b©-*?**. aK.Z*a ' T^£*l.&gB#W::£ 

T, a&tfa ' T^.Sn*gP^tt, ?r — kf>^fe/h$ 
<ftA> K7. h y 77-r 8 £«fc 0^»rtgT^-5. 
[0 0 4 8] 'AlZ, bRZtb ' T^$n-5<t p (d. /VU 

X£3ttfi|Sfg©ASE<i:©fc:-h<f§ ; &, ^7 7-rA*e2l 

*vwa* ; pja:n#**»'3 , boT?***»6» «^«a;I/ 

^©ttj£©^-7te/J^<> }tA> FX h> y 
7 P 7 -f )l$ 8 c «fc 0 M& S . 
[0 0 4 9] ffiU cRtfc 'TS^iol:. 
IC t>#£-r-5 .I©J:5& 
#M;&TWU ^■V-7 P *Vt;U7i#©7n-7't'*5^^) 
fc©J;9fc*£<, 7^7 h^tt^-f >XO— 7©-?-n 

©£8!ite, J6/t>f/U7^M 1 2 ^-f> 
XD-7gg©7^7 N^JSK^S^tWES^^jiL^S 

[0 0 5 0] Cl©«tplC, *%Bjw*2i£^S|-C«. ft7 
7 -f A 2 fr<o tti * $ nfc ffi *^(s * Sr7t/\* > K AX 7 
;p^l2(c«i^UT, tt«*tcD/WX0*-r>xa— 7 

ge t * ^> - tr > t' «t o «> * ^ * - tr > ^ » 



(7) 
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[0 0 5 1] 0 5«l3 3lC^$n?)^A*>KX b v7°7 
<W£:RAs©«^X^7 h;Hl*tbT&fiA S frHLTM 

<Dmom±&mtytA> kx h y y°y-o\>s> 8 1 j:ot 
-§-*.sn, 2 t30sa#*©ft«o)iB±#tf k 

AX7^;P:? 1 2K<i;r>T#*.'=.ft£>. flE^T. t£A> 
KX Ky77^;t^8(Cj;3l&i£#«©{a??r*7tA> K 
/U7^M 1 2 Wfflii#^± 0 fcftVH 2 0©i8i®^ 
«CD^Oia±^lc«toTia4tCa, a', bRtfb ' 

[0 0 5 2] 7£A>b*X hy77^;i/7 8 tLTH #J 

-f atv-tV >7*!c£5KW£^fc0iS:Wi:?7\>i' 
* +■ if ■< mo&mmy << )v? ^©ss* y * tja t» 

[0 0 5 3] tiiT, H5IC*3ViT«. 4>-i>ttjfi©3$ 

«^AVl/XOA7-€jiS(C^r^<h, X"<7 b)V<D 

2>0) fcKJfcUfc»£fc£a«-*-5Tfc*U <£©« 
-&/^U7«^±tr^;^t9o-75 1 Y-7 , bT^<) . M 
Sg^tW-g-fCfa, ^-A-3>f^-a-A (Super 
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(54) METHOD, DEVICE AND SYSTEM FOR REPRODUCING OPTICAL SIGNAL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a reproducing 

method of optical signal which does not depend on the 

bit rate and the pulse shape or the like of optical signal 

or a reproducing method of optical signal which is 

suitable for a WDM(wavelength dividing and multiplexing) 

as to method, device and system for reproducing optical 

signal. e : 

SOLUTION: In this method for reproducing optial signal, * ; ft4>^^U«: ; ,0 *^^?U*> 

when an optical signal is inputted to an optical A ( J A 

waveguide structure (for example, an optical fiber) i -0> » >Vs ^ j.^l ■» ■ ■■»* 

providing a nonlinear effect, a chirping is generated in * — T"' 

the optial signal by the nonlinear effect. Then, * 

components in which the chirping is small are eliminated 

by supplying the output optical signal outputted from the 

optical waveguide structure to an optical filter. When 

components in which the chirping is small are eliminated 

in the pulse shaped optical signal, since especially 

intensity fluctuation and accumulative noise of the top 

parts and/or low-power parts of the pulses can be 

eliminated, the optical signal can be reproduced without depending on the bit rate and the pulse 
shape or the like of the optical signal. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not refl ct th original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] the method equipped with the step which inputs a lightwave signal into the optical 
waveguide structure of offering a nonlinear effect, the step which makes the above-mentioned 
lightwave signal produce a tea-ping according to the above-mentioned nonlinear effect, and the 
step which supplies the output lightwave signal by which the optical waveguide structure shell 
output was carried out [ above-mentioned ] to a light filter, and removes the small component of 
the above-mentioned tea-ping 

[Claim 2] It is the method of being the optical fiber which it is a method according to claim 1, and 
the above-mentioned optical waveguide structure provides with a normal dispersion. 
[Claim 3] It is the method of being the optical band stop filter which is a method according to 
claim 1 and has the main wavelength which corresponds with the main wavelength of the above- 
mentioned lightwave signal substantially. 

[Claim 4] The method which is a method according to claim 3 and was further equipped with the 
step which supplies the above-mentioned output lightwave signal to an optical band pass filter, 
and removes a bigger tea-ping component than the tea-ping in the main slope section of the 
pulse of the above-mentioned lightwave signal. 

[Claim 5] The method which is a method according to claim 1 and was further equipped with the 
step which supplies the lightwave signal which should be inputted into the above-mentioned 
optical waveguide structure to a light filter, and removes the noise component outside the signal 
band in the above-mentioned lightwave signal. 

[Claim 6] The method which is a method according to claim 1 and was further equipped with the 
step which carries out optical amplification of the lightwave signal which should be inputted into 
the above-mentioned optical waveguide structure so that a necessary tea-ping may be obtained. 

[Claim 7] The method which is a method according to claim 1 and was further equipped with the 
step which supplies the above-mentioned output lightwave signal to a distributed compensator 
so that distributed compensation of the above-mentioned output lightwave signal may be carried 
out. 

[Claim 8] It is the method further equipped with the step which it is a method according to claim 
7, and the above-mentioned optical waveguide structure is the 1st optical fiber which offers a 
normal dispersion, and adjusts the distributed value and input control power of the 2nd optical 
fiber of the above so that the above-mentioned distributed compensator may be the 2nd optical 
fiber which offers anomalous scattering and pulse compression may be performed to the grade to 
which lack near the pulse peak of the lightwave signal outputted from the 2nd optical fiber of the 
above decreases. 

[Claim 9] The method which is a method according to claim 8 and was further equipped with the 
step which supplies the lightwave signal by which the output was carried out [ abov - 
mentioned ] so that the pulse width of the lightwave signal outputted from the 2nd optical fiber 
of the above might be in agreement with the pulse width of the lightwave signal inputted into the 
1 st optical fiber of the above in general to an optical band pass filter. 

[Claim 10] The method which is a method according to claim 1 and was further equipped with the 
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step which carries out pulse compression of the lightwave signal which should be inputted into 
the above-mentioned optical waveguide structure. 

[Claim 1 1] It is a method containing the step which it is [ step ] a method according to claim 10, 
and makes the 2nd optical fiber which offers the 1st optical fiber and anomalous scattering which 
the above-mentioned step which carries out pulse compression provides with a normal 
dispersion pass the above-mentioned lightwave signal. 

[Claim 12] The lightwave signal which is a method according to claim 1 and should be inputted 
into the above-mentioned optical waveguide structure is the method of being the WDM signal 
light obtained by carrying out the wavelength division multiplex of two or more lightwave signals. 
[Claim 13] It is the method of having the big distributed value to the grade in which it is a 
method according to claim 12, the above-mentioned optical waveguide structure is an optical 
fiber which offers a normal dispersion, and the cross talk of the above-mentioned WDM signal 
light does not generate the above-mentioned optical fiber. 

[Claim 1 4] Equipment equipped with the optical waveguide structure of offering a nonlinear 
optical effect so that a tea-ping may arise in the inputted lightwave signal, and the light filter 
which the output lightwave signal outputted from the above-mentioned optical waveguide 
structure is supplied, and removes the small component of the above-mentioned tea-ping. 
[Claim 15] It is equipment which is the optical fiber which it is equipment according to claim 14, 
and the above-mentioned optical waveguide structure provides with a normal dispersion. 
[Claim 16] It is equipment which is the optical band stop filter which is equipment according to 
claim 14 and has the main wavelength which corresponds with the main wavelength of the 
above-mentioned lightwave signal substantially. 

[Claim 1 7] Equipment further equipped with the optical band pass filter which is equipment 
according to claim 1 6, and the above-mentioned output lightwave signal is supplied and removes 
a bigger tea-ping component than the tea-ping in the main slope section of the pulse of the 
above-mentioned lightwave signal. 

[Claim 18] Equipment further equipped with the light filter which the lightwave signal which is 
equipment according to claim 14 and should be inputted into the above-mentioned optical 
waveguide structure is supplied, and removes the noise component outside the signal band in the 
above-mentioned lightwave signal. 

[Claim 19] Equipment which is equipment according to claim 14 and was further equipped with 
the light amplifier which carries out optical amplification of the lightwave signal which should be 
inputted into the above-mentioned optical waveguide structure structure so that a necessary 
tea-ping may be obtained. 

[Claim 20] Equipment further equipped with the distributed compensator with which it is 
equipment according to claim 15, and the above-mentioned output lightwave signal is supplied. 
[Claim 21] It is equipment further equipped with the optical band pass filter to which the 
lightwave signal by which it is equipment according to claim 20, and the above-mentioned optical 
waveguide structure is the 1 st optical fiber which offers a normal dispersion, and the output was 
carried out [ above-mentioned ] so that the above-mentioned distributed compensator might be 
the 2nd optical fiber which offers anomalous scattering and the pulse width of the lightwave 
signal outputted from the 2nd optical fiber of the above might be in agreement with the pulse 
width of the lightwave signal inputted into the 1st optical fiber of the above in general is supplied. 

[Claim 22] Equipment which is equipment according to claim 14 and was further equipped with 
the means which carries out pulse compression of the lightwave signal which should be inputted 
into the above-mentioned optical waveguide structure. 

[Claim 23] It is equipment containing the 2nd optical fiber which is equipment according to claim 
22 and offers the 1st optical fiber and anomalous scattering which the above-mentioned means 
which carries out pulse compression provides with a normal dispersion. 

[Claim 24] The lightwave signal which is equipment according to claim 14 and should be inputted 
into the above-mentioned optical waveguide structure is equipment which is the WDM signal light 
obtained by carrying out the wavelength division multiplex of two or more lightwave signals. 
[Claim 25] It is equipment which has the big distributed value to the grade in which it is 
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equipment according to claim 24, the above-mentioned optical waveguide structure is an optical 
fiber which offers a normal dispersion, and the cross talk of the above-mentioned WDM signal 
light does not generate the above-mentioned optical fiber, 

[Claim 26] The system equipped with the optical-fiber-transmission way which is characterized 
by providing the following and which transmits a lightwave signal, and the lightwave signal 
regenerative apparatus with which the lightwave signal outputted from the above-mentioned 
optical-fiber-transmission way is supplied. The above-mentioned lightwave signal regenerative 
apparatus is the optical waveguide structure of offering a nonlinear optical effect so that a tea- 
ping may arise in the lightwave signal by which supply was carried out [ above-mentioned ]. Th 
light filter which the output lightwave signal outputted from the above-mentioned optical 
waveguide structure is supplied, and removes the small component of the above-mentioned tea- 
ping. 

[Claim 27] The system which is a system according to claim 26 and was further equipped with 
the 2nd optical-fiber-transmission way which transmits the above-mentioned output lightwave 
signal. 

[Claim 28] The system further equipped with the optical transmitter which is a system according 
to claim 27 and was connected to the input edge of the above-mentioned optical-fiber- 
transmission way, and the optical receiver connected to the outgoing end of the optical-fiber- 
transmission way of the above 2nd. 

[Claim 29] The lightwave signal which is a system according to claim 26 and is transmitted by 
the above-mentioned optical-fiber-transmission way is a system which is the WDM signal light 
obtained by carrying out the wavelength division multiplex of two or more lightwave signals. 
[Claim 30] It is the system which is the optical-amplification relay transmission line in which it is 
a system according to claim 27, and each of the above-mentioned optical-fiber-transmission 
and the optical-fiber— transmission way of the above 2nd contains at least one light amplifier. 
[Claim 31] It is the method further equipped with the step which is a method according to claim 
1 , the above-mentioned optical waveguide structure is the 1 st optical fiber which offers a normal 
dispersion, amplifies the lightwave signal outputted from the above-mentioned light filter, and 
supplies the amplified lightwave signal to the 2nd optical fiber which offers a normal dispersion. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the method, the 
equipment, and the system for reproduction of a lightwave signal. 

[0002] In the optical fiber communication system put in practical use in recent years, the fall of 
the signal power by transmission-line loss, branching loss, etc. is compensated using light 
amplifiers, such as erbium dope fiber amplifier (EDFA). A light amplifier is an analog amplifier and 
amplifies a signal linearly. In this kind of light amplifier, since a signal-to-noise ratio (S/N ratio) 
falls by addition of the spontaneous-emission light (ASE) noise generated with amplification, a 
limitation produces the number ****** of relays in a transmission distance. Moreover, it is the 
factor which wave degradation by the nonlinear optical effect in the wavelength dispersion which 
an optical fiber has, or a fiber also gives a transmission limitation. In order to overthrow such a 
limitation, the regenerative repeater which processes a signal in digital one is required, and the 
realization is desired. Especially all the photo-regenerating repeaters that perform all processings 
in optical level are important when realizing transparent operation which does not depend the 
shape of a bit rate or a pulse form etc. of a signal. 

[0003] A function required for all photo-regenerating repeaters is with amplitude reproduction or 
RIAMPURIFIKESHO (Reamplification), timing reproduction or retiming (Retiming), and waveform 
shaping or a RISHIEI ping (Reshaping), this invention offers all the photo-regenerating repeaters 
in an optical transmission system, the signal reproducer in the various node points of an optical 
network, etc. using the tea-ping by the self-phase modulation (SPM) effect received in case an 
optical pulse spreads the inside of optical waveguide structures, such as an optical fiber, 
especially among these paying attention to the function of RIAMPURIFIKESHO and a RISHIEI 
ping. 
[0004] 

[Description of the Prior Art] After the most general thing as a waveform shaper or a photo- 
regenerating machine once changes an input lightwave signal into an electrical signal by electric 
eyes, such as a photodiode, and carries out waveform-shaping processing of this electrical signal 
electrically using a logical circuit, it is the waveform shaper of OE type which modulated the 
laser beam by this signal. The OE type waveform shaper is used for the regenerative repeater in 
the conventional optical transmission system. However, since the working speed of an OE type 
waveform shaper is restricted by the electronic circuitry for signal processing, it has the problem 
that the bit rate of the input signal of a regenerative repeater will be fixed at a low rate. 
[0005] On the other hand, as a waveform shaper of all the optical types altogether processed on 
optical level, much nonlinear switches of the interference system composition of the nonlinear 
loop mirror (NOLM) accompanied by wavelength conversion, the Michelson type, or a Mach 
TSUENDA type, switches according to a supersaturation absorber further, etc. are proposed (for 
example, refer to Japanese Patent Application No. No. 133576 [11 to ], Japanese Patent 
Application No. No. 239854 [ 1 1 to ], and Japanese Patent Application No. No. 293189 [ 1 1 to ]). 
[0006] However, when based on the Prior art mentioned above, there is a problem that only the 
signal of one channel can be processed at once. That is, when the lightwave signal which should 
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be reproduced is the WDM signal light obtained by carrying out wavelength multiplex [ of two or 
more lightwave signals from which wavelength differs ] f it is necessary to use two or more 
equipments for carrying out multiple-times operation of the method for reproducing a lightwave 
signal, or reproducing a lightwave signal, and operation of a method is complicated or an 
equipment configuration becomes large-scale. 
[0007] 

[Problem(s) to be Solved by the Invention] Therefore, the purpose of this invention is offering 

the method, the equipment, and the system for reproduction of the new lightwave signal which 

does not depend the shape of a bit rate or a pulse form etc. of a lightwave signal. 

[0008] Other purposes of this invention are offering the method, the equipment, and the system 

for reproduction of the lightwave signal suitable for WDM (wavelength division multiplex). 

[0009] The purpose of further others of this invention becomes clear from the following 

explanation. 

[0010] 

[Means for Solving the Problem] According to the 1 st side of this invention, the method for 
reproducing a lightwave signal is offered. By this method, if a lightwave signal is supplied to the 
optical waveguide structure of offering a nonlinear effect, a tea-ping will arise in a lightwave 
signal according to a nonlinear effect. And the small component of a tea-ping is removed by 
supplying the output lightwave signal outputted from optical waveguide structure to a light filter. 
[001 1] If the small component of a tea-ping is removed in a pulse-like lightwave signal, since on- 
the-strength fluctuation and accumulation noise of the top portion of a pulse and/or a low power 
portion are especially removable, a lightwave signal can be reproduced without depending the 
shape of a bit rate or a pulse form etc. of a lightwave signal. 

[0012] Moreover, since the light filter which has two or more bands like an interleave filter or 
AOTF (acoustooptics tunable filter) as a light filter for removing the small component of a tea- 
ping can be used, two or more lightwave signals can be collectively reproduced about the WDM 
signal light obtained by carrying out the wavelength division multiplex of two or more lightwave 
signals from which wavelength differs. 

[0013] According to the 2nd side of this invention, the equipment for reproducing a lightwave 
signal is offered. This equipment is equipped with the optical waveguide structure of offering a 
nonlinear effect so that a tea-ping may arise in the inputted lightwave signal, and the light filter 
to which the output lightwave signal outputted from optical waveguide structure is supplied. A 
light filter removes the small component of the tea-ping in an output lightwave signal. 
[0014] The optical fiber which offers a normal dispersion can be used as optical waveguide 
structure, and, thereby, a tea-ping can be made to produce and put in a lightwave signal 
effectively in this invention. 

[0015] In this invention, in order to make a lightwave signal produce a tea-ping effectively, you 
may amplify the lightwave signal which should be inputted into optical waveguide structure by 
light amplifiers, such as EDFA (erbium dope fiber amplifier). 

[0016] According to the 3rd side of this invention, the system for reproducing a lightwave signal 
is offered. This system is equipped with the optical-fiber-transmission way which transmits a 
lightwave signal, and the lightwave signal regenerative apparatus with which the lightwave signal 
outputted from the optical-fiber-transmission way is supplied. A lightwave signal regenerative 
apparatus may be offered according to the 2nd side of this invention. 
[0017] 

[Embodiments of the Invention] Hereafter, with reference to an accompanying drawing, the form 
of desirable operation of this invention is explained in detail. 

[0018] The case where optical pulse U (z, T) of width of face TO and the peak power P0 spreads 
the inside of an optical fiber now is considered. It is the time in the system of coordinates by 
which T moves here with an optical pulse, distributed length LD=T02/|beta2| receives an optical 
pulse not much greatly [ the wavelength dispersion beta 2 of this optical fiber ] — nonlinear — 
when sufficiently long (LD»LNL) compared with long LNL=1 /gammaPO (gamma is a 3rd order 
nonlinear constant), phase shift phiNL (z F L) by SPM (self-phase modulation) can be expressed 
as follows 
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[0019] 
[Equation 1] 

[0020] zeff=[1-exp(-alphaz)]/alpha is effective (nonlinear) interaction length here. 
[0021] At this time, Chirp deltaomegaNL is given below. 
[0022] 
[Equation 2] 



[0023] | Since U (0 T)|2 is equivalent to peak power, according to the (2) formulas, in the char 
ping in each portion of an optical pulse, a tighter portion becomes large in a power inclination, 
moreover, the travelling distance z — long — becoming — the nonlinear length LNL — short — 
becoming (gammaPO becoming large) — it becomes large In this way, the char ping by SPM gives 
a new frequency component to an optical pulse, and expands a spectrum as a result. 
[0024] As an example, it is the m~th super Gaussian (Super-Gaussian) type optical pulse [0025]. 
[Equation 3] 



[0026] Considering the case where it inputs into ************, it is [0027] from (2) formulas. 
[Equation 4] 

TTi^lr.J -TIF | I (4) 



Sot M 



[0028] It comes out. Especially about the usual Gaussian (Gaussian) pulse (m= 1), it is [0029]. 
[Equation 5] 



~' C5) 



[0030] It comes out. (3) The situation of -(5) formula is shown in (A) of drawing 1 , and (B). In (A) 
of drawing 1 , and (B), the solid line shows the case of a Gaussian pulse (m= 1), and the dashed 
line shows the case of the super Gaussian pulse at the time of m= 3. A chirp occurs along the 
slope of a pulse and it is set to deltaomega>0 in deltaomega<0 and a rear portion in a head 
portion (rise chirp). Moreover, in the Gaussian pulse, it is an almost alignment chirp near the peak 
of a pulse. 

[0031] (A) of drawing 1 and (B) show that the time component of a pulse can be decomposed on 
a spectrum by giving the chirp by SPM to an optical pulse. Especially an important thing is the 
point that near [ big ] the slope center of a chirp, near [ small ] the peak of a chirp, and a skirt 
portion are distinguishable. The minute power change and the accumulated noise a peak and near 
the skirt are removable using a light filter, using this. 

[0032] That is, after making the inside of an optical fiber spread an optical pulse first, generating 
SPM compulsorily and separating into the big portion of a chirp, and a small portion in frequency, 
the spectrum component of a small (deltaomega-0) near [ a chirp ] is intensively removed using 
an optical band stop filter (BSP). Then, the chirp of a reverse sign can be given, chirp 
compensation can be carried out, and the wave of the pulse from which noise was removed can 
be returned. 

[0033] There is a method using the wavelength dispersion (GVD) of an optical fiber as a method 
for giving a reverse chirp etc. By this method, if the optical pulse which spreads the inside of the 
fiber whose GVD is beta 2 is among beta2>0, i.e., a normal-dispersion fiber, it can obtain a rise 
chirp like the case of SPM, and if it is among beta2<0, i.e., an anomalous-dispersion fiber, it can 
obtain a down chirp. Thus, the chirp by SPM can be compensated by making the inside of an 
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anomalous-dispersion fiber spread. 

[0034] In order to generate the chirp by SPM effectively, it is necessary to enlarge the gamma 
value of a fiber. Generally, gamma of an optical fiber is [0035]. 
[Equation 6] 



[0036] It is come out and expressed, omega expresses optic-angle frequency, c expresses the 
velocity of light in a vacuum here, and n2 and Aeff express the nonlinear refractive index and the 
effective core cross section of a fiber, respectively. Since it is small, in order to obtain sufficient 
chirp with about gamma=2.6W-1km-1, a length of several km - 10km or more was required for 
the nonlinear coefficient of the conventional DSF (distributed shift fiber). In order to generate a 
sufficiently big chirp in short length, it is effective to enlarge n2 in (12) formulas, or to make 
small the diameter (MFD) of the mode field, therefore Aeff, and to make optical intensity high. 
There is the method of adding a fluorine etc. to clad and adding Ge02 grade to a core as a 
means which enlarges n2, at remarkable high concentration. The big n binary more than 5x10- 
20m2/W is obtained by the case where the addition concentration of Ge02 is 25-30-mol% (the 
usual silica fiber n two to 3.2x10 -20 m2/W). making MFD small on the other hand — the ratio of 
a core and clad — it is possible by the design of a refractive-index difference or a core 
configuration the above-mentioned Ge02 addition fiber — setting — a ratio — when the 
refractive-index difference delta is about 2.5 - 3%, the about [ MFD-4micrometer ] thing is 
obtained The fiber of the big gamma value beyond 15W-1km-1 is obtained as a comprehensive 
effect of these effects. 

[0037] Moreover, in order to lengthen enough or to act chirp compensation as distributed length 
compared with nonlinear length, to be able to adjust GVD of such a fiber arbitrarily is desired. It 
is possible by setting up the above-mentioned parameter as follows also about this point. First, 
in the usual DCF, if delta is enlarged on the conditions which generally fixed MFD, a distributed 
value will become large in a normal-dispersion field. On the other hand, if a core diameter is 
enlarged, distribution will decrease, and distribution will become large if a core diameter is 
conversely made small. Therefore, where MFD is set as a certain value in the given wavelength 
range, if the core diameter is enlarged, it will become possible to make distribution into zero. 
Conversely, it is also possible to obtain a desired normal-dispersion fiber. 
[0038] By such method, the high nonlinear distribution shift fiber (HNL-DSF) and DCF 
(distributed compensation fiber) beyond gamma=15W-1km-1 are realized. For example, the fiber 
of gamma=15W-1km-1 can attain the same efficiency by 2.6 / about 15 to 1/5.7 length 
compared with the usual DSF. Although a length of about 10km is required of the usual DSF as 
mentioned above, such a fiber can attain the same effect by length of about 1-2km. Since the 
part loss which becomes short in fact decreases, it is good by still shorter length. 
[0039] Drawing 2 is the block diagram showing the 1 st operation gestalt of the regenerative 
apparatus of the lightwave signal by this invention. The optical fiber 2 is used as optical 
waveguide structure of offering a nonlinear optical effect. GVD of an optical fiber 2 is beta 2, and 
an optical fiber 2 gives a normal dispersion and the 3rd nonlinear optical effect to the lightwave 
signal supplied, for example. 

[0040] After the signal pulse 4 as a lightwave signal which has main wavelength lambdaS is 
amplified to the power of sufficient grade to generate the char ping of business by the light 
amplifier 6, it is inputted into an optical fiber 2. A char ping occurs by SPM in an optical fiber 2. 
After the main wavelength of a rejection-band region passes the band stop filter (BSF) 8 of 
lambdaS and the small component of a char ping is removed, as for the output lightwave signal 
which the char ping was given and was outputted from the optical fiber 2 f the reproduction pulse 
10 of lambdaS is outputted for center frequency. 

[0041] A changed part (for example, wave degradation by GVD) from the zero of an off-power (0 
agreement) component and the small component of the slope near the peak of a pulse are mainly 
contained in the small component of a char ping. Since these components determine a lightwave 
signal pair noise ratio (OSNR), the fall of OSNR by power change of thes components, 
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extinction-ratio degradation, noise accumulation, etc. is improvable by removing this portion by 
BSF. 

[0042] The big feature of reproduction of the lightwave signal by this invention is not 
accompanied by wavelength conversion. Thereby, practical 2R (RIAMPURIFIKESHO and RISHIEI 
ping) reproduction which is not in the former is realizable. 

[0043] Here, the grade of a chirp is estimated in order to evaluate the operability of this 
invention. For example, the case where the pulse of T0=10ps spreads beta2=1 0ps2/km and the 
normal-dispersion fiber of gamma=20W-1km-1 is considered. Since it is LD=10km and 
LNL=0.5km supposing it inputs by about P0=100mW, LD»LNL is realized. Therefore, the 
influence of the distribution to a chirp ignores here. 

[0044] At this time, chirp deltaomega is 162GHz (0.21 nm) at the time of L= 1km. It is set to 
P0-200mW, then 324GHz (0.43nm) on the same conditions. On the other hand, if the pulse of 
T0=5ps is used, it is set to 333GHz (0.43nm) to L= 0.5km P 0= 200mW. Since about 200mW peak 
power can be realized comparatively easily and BSF of about 0.2nm of bands can also be realized 
to the short pulse of 5-1 Ops even if it is the signal of about 40 Gb/s, for example, this invention 
can be carried out even if it takes the above-mentioned estimate into consideration. 
[0045] Drawing 3 is the block diagram showing the 2nd operation gestalt of the regenerative 
apparatus of the lightwave signal by this invention. It is made for the output lightwave signal 
outputted from the optical fiber 2 to have not only the band stop filter 8 but the band pass filter 
(BPF) 12 passed with this operation gestalt. The main wavelength of the passband of a band 
pass filter 12 is set as lambdaS. In the illustrated example, although the band stop filter 8 and the 
band pass filter 1 2 are formed in this order toward the propagation direction of a lightwave signal, 
these may be prepared by the reverse order. 

[0046] Next, the role of the band stop filter 8 shown in drawing 3 and a band pass filter 12 is 
explained using drawing 4 . 

[0047] Drawing 4 shows the on-the-strength fluctuation within the signal pulse before 
reproduction by this invention, and the horizontal axis is time (T). Considering the char ping by 
SPM of each portion of this pulse, the portion of a and a' originates in the spontaneous-emission 
light (ASE) noise of a light amplifier, or the waveform distortion by fiber transmission first. For 
the portion shown by a and a', originally it should be in zero level, therefore intensity is a low. 
Therefore, a char ping can also remove small the portion shown by a and a f by the optical band 
stop filter 8. 

[0048] or [ next, / that an inclination is equivalent to the inclination of the pulse itself equivalent 
to the band of a signal, or since / the fluctuation near the peak of a pulse and on a slope is 
mainly based on the waveform distortion by the beat noise of a signal pulse and ASE of a light 
amplifier, and optical fiber transmission etc., and / it has a wide band a little as shown by b and 
b' ] — or it is a grade tight a little In the mountain of change of the intensity in this case, and 
the portion of a valley, since an inclination serves as zero, the chirp of the neighborhood is small 
and is removed by the optical band stop filter 8. 

[0049] However, probably, the extremely PIKI change component also exists, as shown by c and 
c\ In such the singular point, a chirp is larger than the thing in the slope of the pulse itself, and a 
spectrum is located outside it of a main slope. Therefore, change of the portion of such the 
singular point is removable by setting it as a suitable band where the component of the portion 
of the singular point does not include the band of the optical band pass filter 12 with the size 
containing the spectrum component of the main slope section. 

[0050] Thus, with the operation gestalt of this invention, reproduction of a highly precise 
lightwave signal is attained compared with the case where only the optical band stop filter 8 is 
used, by supplying the output lightwave signal outputted from the optical fiber 2 to the optical 
band pass filter 12, and removing a bigger char ping component than the char ping in the main 
slope section of the pulse of a lightwave signal. 

[0051] Drawingj) is drawing for explaining the transparency band given by the optical band stop 
filter 8 and the optical band pass filter 1 2 which are shown in drawing 3 . Here, two object 
transparency bands are given about wavelength lambdaS to the signal spectrum of main 
wavelength lambdaS. The rejection-band region between two transparency bands is given by the 
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optical band stop filter 8, and the rejection-band region of the outside of two transparency bands 
is given by the optical band pass filter 12. Therefore, the rejection-band region by the optical 
band stop filter 8 is narrower than the passband of the optical band pass filter 12 The noise 
component shown to drawing 4 by a, a*, b. and b* by the rejection-band region betw en two 
transparency bands can be removed, and the noise component shown by the rejection-band 
region of the outside of two transparency bands by c and c' can be removed. 
[0052] As an optical band stop filter 8, the fiber grating of a narrow-band can be used for 
example. Moreover, reflection by the fiber grating can be used as an optical band pass' filter 12 
or high order filters, such as a double cavity type multilayer filter, can be used. 
[0053] By the way, in dj^wing_5 , although the spectrum is displayed in the form where the 
intensity near a center is the biggest, if the power of distribution or a pulse is set up suitably it 
is possible to make the configuration of a spectrum into a flat. The case where it is set as a 
normal dispersion (beta2> 0) etc. becomes the white spectrum of a super-wide band which is so 
and is called super Conti NYUMU (Supercontinuum) when extreme, (the chirp is carried out a ' 
pulse spreading on a rectangle in this case), and (in this case, contribution of not only SPM but 4 
light-wave mixture etc. is large). If this invention is applied to such a flat chirp spectrum since 
the fixed output independent of input peak power will be obtained, fluctuation of near a peak can 
be oppressed effectively. 

[0054] Drawing J5 is the block diagram showing the 3rd operation gestalt of the regenerative 
apparatus of the lightwave signal by this invention. This operation gestalt is characterized as 
contrasted with the operation gestalt shown in drawing 2 in that the light filter 14 is additionally 
formed between the light amplifier 6 and the optical fiber 2. The lightwave signal which should be 
inputted into an optical fiber 2 is supplied to a light filter 14. and it removes the noise component 
outside the signal band in the lightwave signal. For example, as a light filter 14. when the main 
wavelength of a passband uses the optical band pass filter of lambdaS. the ASE noise 
accumulated outside an input signal band is removable beforehand. The optical band stop filter 
which has the main wavelength of a different rejection-band region from lambdaS as a light filter 
14 can also be used. For example, the optical band stop filter as a light filter 14 can be obtained 
by preparing two optical band stop filters which act. respectively for the rise chirp and the signal 
which carried out the down chirp, and tying these to a tandem. A fiber grating can be used as a 
light filter 14. 

[0055] Thus, since high OSNR can be obtained by removing beforehand the noise component 
outside the signal band in a lightwave signal by the light filter 14, a lightwave signal can be 
reproduced more effectively. 

[0°56] Drawing 7 is with the block diagram showing the 4th operation gestalt of the regenerative 
apparatus of the lightwave signal by this invention. This operation gestalt is characterized as 
contrasted with the operation gestalt shown in drawing 2 in that an optical fiber 2 and another 
optical fiber 16 which offers distribution of a reverse sign are connected to the output of the 
optical band stop filter 8. Since an optical fiber 2 offers a normal dispersion (beta2> 0) the 
output lightwave signal which the rise chirp occurred, was outputted from the optical fiber 2 by 
SPM in an optical fiber 2, and passed the optical band stop filter 8 by it may have the hole 
(strong partial fall) near the peak, as shown by sign 10'. Then, the rise chirp by SPM in an optical 
fiber 2 is compensated by supplying this output lightwave signal to the optical fiber 1 6 which 
offers anomalous dispersion (beta2<0). since the pulse compression effect happens by setting up 
appropriately the distributed value and input control power in an optical fiber 16 in that case 
while being able to amend the hole the spectrum top which boils optical band stop filter 8 and is 
depended, and near the peak of a pulse, or lack, wave degradation in transmission of the after 
that of the reproduction pulse shown with a sign 18 can also be reduced by reduction-ization of 
a chirp In addition, reduction-ization of this chirp can also be performed using other meanses 
such as light filters, such as DCF and a fiber grating, and a phas modulator. 
[0057] Thus, with this operation gestalt, since distributed compensation of the output lightwave 
signal of an optical fiber 2 is carried out using the optical fiber 16 as a distributed compensator 
wave degradation can be reduced and reproduction of a highly precise lightwave signal is 
attained. 
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[0058] Drawing 8 is the block diagram showing the 5th operation gestalt of the regenerative 
apparatus of the lightwave signal by this invention. This operation gestalt is characterized as 
contrasted with the operation gestalt shown in drawing 7 in that the pulse compression machine 
20 is addrtionally formed in the input of a light amplifier 6. Moreov r. similarly in the operation 
gestalt shown in drawing 3 , the optical band pass filter 12 is connected to the output of the 
optical band stop filter 8, and the optical fiber 16 for distributed compensation and compensation 
of some char ping is connected to the output of the optical band pass filter 12 
[0059] The pulse compression machine 20 is obtained by connecting in series the optical fiber 22 
which offers a normal dispersion (beta2> 0). and the optical fiber 24 which offers anomalous 
d.spers.on (beta2<0). In this case, as shown by sign 4', pulse compression of the inputted signal 
pulse 4 is carried out by the combination of the rise chirp in an optical fiber 22, and the down 
chirp by the optical fiber 24. In order to obtain the char ping of business in optical fibers 22 and 

nWni mP ' lfier 6 ' ' S prepared in the in P ut of the Pulse compression machine 20 
L0060J Since according to this composition pulse compression of the lightwave signal which 
should be inputted into an optical fiber 2 is carried out as shown by sign 4'. effective removal of 
^'fi e f mP ° nent is attained and reproduction of a highly precise lightwave signal is attained 
L0061J Drawing_9 is the block diagram showing the 6th operation form of the regenerative 
apparatus of the lightwave signal by this invention. This operation form is characterized as 
contrasted with the operation form shown in drawing 8 in that the optical band pass filter 26 
whose mam wavelength of a comparatively narrow passband is lambdaS is additionally connected 
to the output of an optical fiber 16. According to this composition, as a reproduction pulse is 
shown by sign 18' by passing the optical band pass filter 26, the compressed pulse width can be 
returned to the original width of face. 

[0062] With the operation gestalt explained above, since photo-regenerating equipment is 
constituted from an optical fiber, a light filter, and a light amplifier, it faces performing optical 2R 
reproduction, and there is no polarization dependency, loss is small and, moreover the 
remarkable effect that multi-wavelength package reproduction is possible is acquired Multi- 
wavelength package reproduction explains a bird clapper more specifically possible 
[0063] Drawing 10 is the block diagram showing the operation gestalt of the system by this 
invention. The transmitter 28 which outputs the WDM signal light obtained by this system 
carrying out the wavelength division multiplex of two or more lightwave signals which have 
different wavelength (lambdal, Iambda2, — . lambdaN), The optical-fiber-transmission way 30 
wh.ch transmits the WDM signal light outputted from the transmitter 28, The regenerative 
apparatus 32 with which the WDM signal light outputted from the optical-fiber-transmission way 
30 is supplied, It has the optical-fiber-transmission way 34 which transmits the WDM signal light 
as an output lightwave signal outputted from the regenerative apparatus 32. and the receiver 36 
which receives the WDM signal light outputted from the optical-fiber-transmission way 34 A 
receiver 36 restores to two or more original lightwave signals based on the received WDM signal 
light. 

[0064] When the optical waveguide structure in a regenerative apparatus 32 is an optical fiber as 
for the distribution, it is desirable that it is large to the grade which the cross talk of WDM signal 
light does not produce. 

[0065] According to this invention, ****** composition of the regenerative apparatus 32 can be 
carried out at the above various operation gestalten. When it fits the regenerative apparatus 32 
according to this invention to WDM signal light, reservation of the (a) band and the design of the 
Cb) light filter are important. Order is explained for this later on. 

[0066] (a) In order to enable package reproduction of the secured WDM signal light of a band it 
is desirable for the regenerative apparatus 32 to have a band corresponding to the band of WDM 
signal light. For example, about the operation gestalt of drawing 8 , all of optical fibers 2 16 22 
and 24, a light amplifier 6, and 6' are wanted to have a wide band rather than the band of WDM* 
signal light. Hereafter, it explains concretely. 

[0067] As for an optical fiber 2, it is desirable to have only the band which gives equally SPM of 
each channel (Ch.1. Ch.2, -, Ch.N) of WDM signal light. Since the response time of the 3rd order 
nonlinear effect in a fiber is FEMUTO second order, it can be said to secure the wide band 
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enough. However, since a difference may come out in the shape of a puis form wh n the values 
of distribution differ for every channel, it is desirable that they are the distributed flat fiber (DFF) 
which offers the normal dispersion of a suitable value as an optical fiber 2, or a fiber with a small 
distributed inclination. 

[0068] It is desirable to have only the band which performs distributed compensation of each 
channel equally about an optical fiber 1 6. Since distributed compensation in this case is 
performed using anomalous scattering, it is desirable for a distributed inclination to be DFF of 
zero, and it is desirable to secure the flat field from the band of WDM signal light widely. 
However, when an optical fiber 2 is not DFF, as an optical fiber 16, an optical fiber 2 and the 
anomalous-dispersion fiber of a suitable value with the inclination of a reverse sign can be used. 
[0069] The optical fiber 22 of the preceding paragraph of the pulse compression machine 20 
needs to give the big rise chirp for pulse compression. Therefore, the property required of an 
optical fiber 22 is fundamentally the same as the property required of an optical fiber 2, and it is 
desirable for DFF or the distributed inclination of a normal dispersion of a too suitable value to 
be a small fiber. 

[0070] The property required of the optical fiber 24 of the latter part of the pulse compression 
machine 20 is the same as the property required of an optical fiber 16 fundamentally. 
[0071] About a light amplifier 6 and 6', it is desirable to have the flat band which amplifies each 
lightwave signal in the band of WDM signal light on the in general same gain. 
[0072] (b) In order to filter collectively the WDM signal light which the light filter carried out the 
design package and gave the char ping, it is desirable to adopt the special filter which has a 
property as shown in drawing 1 1 . What is necessary is fundamentally, just to prepare the 
transparency band of a couple shown in drawing 5 according to the wavelength of each channel 
of WDM signal light. What is necessary is to connect with a tandem the fiber grating which has 
the center of a band, for example in each wavelength, and just to make WDM signal light 
penetrate about an optical band stop filter. Moreover, about an optical band pass filter, the 
method using the interleaver filter already put in practical use may be proposed. Furthermore, if 
an interleaver filter etc. is made to penetrate and the ASE noise outside a signal band is 
removed before inputting WDM signal light into a regenerative apparatus 32 if needed, 
reproduction of a highly precise lightwave signal will be attained about each channel. Installation 
positions, such as this interleaver filter, may be just before the optical fiber 2 in a regenerative 
apparatus 32. 

[0073] What is necessary is just to perform optical direct detection etc., after dividing into the 
lightwave signal of each channel the WDM signal light received with the receiver 36 by the band- 
pass filter, in order to be able to apply an optical amplitude (intensity) modulation technique etc. 
and to carry out a signal detection in this case as a modulation technique of each channel of 
WDM signal light. 

[0074] As each of the optical-fiber-transmission ways 30 and 34, the silica fiber (SMF) of a 
single mode can be used and there are a 1 .3-micrometer zero distribution fiber and a 1 .55- 
micrometer distribution shift fiber (DSF) as the example. 

[0075] Each of the optical-fiber-transmission ways 30 and 34 may be an optical-amplification 
relay transmission line containing at least one light amplifier. In this case, since attenuation of a 
lightwave signal can be compensated by the light amplifier, long-distance transmission becomes 
possible. 

[0076] In order to face carrying out this invention and to generate a char ping effectively, it is 
desirable to compensate beforehand the waveform distortion by each GVD and nonlinear effect 
of the optical-fiber-transmission ways 30 and 34. Therefore, a distributed compensator or an 
optical phase-conjugation machine can be formed in the middle of [ each ] the optical-fiber- 
transmission ways 30 and 34. Moreover, this invention can also be applied when performing 
optical soliton transmission. 

[0077] According to this invention, since oppression of ASE noise is possible, when the 
improvement of OSNR in the middle of a transmission line is attained when using the 
regenerative apparatus of the lightwave signal by this invention as a repeater, and using the 
regenerative apparatus of the lightwave signal by this invention as a receiver, an improvement of 
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receiving sensitivity is attained. 

[0078] Finally, the chirp compensation method is explained. The chirp remains in the 
reproduction pulse by the method described so far. Since it comes out in the optical repeater in 
the middle of a transmission line and a certain shell and a subsequent transmission characteristic 
are not affected, as for being most expected as a use of a regenerative apparatus, it is desirable 
to compensate a chirp. What is necessary is just to use optical phase conjugation (OPC) for the 
1st, in order to compensate a chirp. Since a chirp can be reversed by giving OPC to a 
reproduction pulse, chirp compensation is possible by reproducing a lightwave signal according to 
this invention in the still more nearly same procedure, and generating the same chirp. 
[0079] In addition, although OPC is expected a type without a wavelength shift, when wavelength 
conversion may be followed on reproduction of a lightwave signal, OPC accompanied by a 
wavelength shift can also be used. 

[0080] The 2nd method is a method which falls with the start portion of a pulse and the sign of a 
chirp compensates with a portion using a bird clapper on the contrary. With reference to drawing 
12 , this is explained more specifically. 

[0081] Drawing 12 is the block diagram showing the 7th operation form of the regenerative 
apparatus of the lightwave signal by this invention. This operation form is characterized as 
contrasted with the operation form shown in drawing 7 in that the optical fiber 40 which offers a 
normal dispersion is additionally formed between the optical band stop filter 8 and the optical 
fiber 1 6 which offers anomalous scattering as a distributed compensator. As the pulse shape of 
the output lightwave signal from the optical band stop filter 8 is shown by sign 10\ the band of 
the chirp by the optical fiber 2 and the optical band stop filter 8 is adjusted so that it may 
separate into two approximately, and this output lightwave signal is supplied to an optical fiber 40 
with sufficient power. At this time, the falling portion (near a center) of the pulse of the head 
portion of the pulse divided into two receives a right chirp, and the start portion of the pulse of a 
portion receives a negative chirp in the second half. On the other hand, the head portion of a 
pulse is a portion which received the negative chirp within the optical fiber 2, and a portion is a 
portion which received the right chirp in the second half. Therefore, while compensating the chirp 
for a core by the 2nd tea-ping by the optical fiber 40, the hollow of a pulse can also be 
compensated as shown by the sign 42. In this way, by supplying the acquired pulse to the optical 
fiber 16 as a distributed compensator similarly in the operation form shown in drawing 7 , a 
lightwave signal is correctly reproducible. 

[0082] Furthermore, only the component in which the falling portion carried out the right chirp 
(or negative chirp of a start portion) among the pulses which carried out the chirp by the optical 
fiber 2 can be filtered (the main wavelength of each portion is shifted from the main wavelength 
of an input signal pulse in that case), next the above-mentioned positive (negative) chirp can be 
compensated with the negative chirp (or right chirp of a standup portion) of a start portion 
according to this invention. In the 2nd tea-ping by the optical fiber 40, the light filter for signal 
extraction which has the main wavelength which is in agreement with the main wavelength of an 
input signal pulse can be used in that case. 

[0083] Although the optical fiber was illustrated as optical waveguide structure of offering a 
nonlinear effect, with the operation form of this invention explained above, this invention is not 
limited to this. For example, since the semiconductor light amplifier (SOA) offered as the optical 
waveguide formed on the waveguide substrate or a semiconductor chip can also offer a nonlinear 
optical effect, this invention is applicable also to optical waveguide structures other than such an 
optical fiber. 
[0084] 

[Effect of the Invention] As explained above, according to this invention, the effect that the 
method, the equipment, and the system distribution for reproduction of the new lightwave signal 
which does not depend the shape of a bit rate or a pulse form etc. of a lightwave signal become 
possible arises. Moreover, according to this invention, it is effective in the method, the 
equipment, and the system distribution for reproduction of the lightwave signal suitable for WDM 
(wavelength division multiplex) becoming possible. Since the effect acquired according to the 
specific operation gestalt of this invention is as having explained above, it omits the explanation. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] (A) of drawing 1 and (B) of drawing 1 are drawings for explaining the char ping at the 
time of a Gaussian pulse and a super Gaussian pulse spreading the inside of an optical fiber. 
[Drawing 2] Drawing 2 is the block diagram showing the 1 st operation gestalt of the regenerative 
apparatus of the lightwave signal by this invention. 

[Drawing 3] Drawing 3 is the block diagram showing the 2nd operation gestalt of the regenerative 
apparatus of the lightwave signal by this invention. 

[Drawing 4] Drawing 4 is drawing for explaining the on-the-strength fluctuation within the pulse 
removed according to this invention. 

[Drawing 5] Drawing 5 is drawing showing the situation of removal of the noise by the light filter 
in the operation gestalt of this invention. 

[Drawing 6] Drawing 6 is the block diagram showing the 3rd operation gestalt of the regenerative 
apparatus of the lightwave signal by this invention. 

[Drawing 7] Drawing 7 is the block diagram showing the 4th operation gestalt of the regenerative 
apparatus of the lightwave signal by this invention. 

[Drawing 8] Draw ing 8 is the block diagram showing the 5th operation gestalt of the regenerative 
apparatus of the lightwave signal by this invention. 

[Drawing 9] Drawing 9 is the block diagram showing the 6th operation gestalt of the regenerative 
apparatus of the lightwave signal by this invention. 

[Drawing 10] Drawing 10 is the block diagram showing the operation gestalt of the system by this 
invention. 

[Drawing 1 1] Drawing 1 1 is drawing for explaining the transparency band of the light filter suitable 
for WDM signal light. 

[Drawing 12] Drawing 12 is the block diagram showing the 7th operation gestalt of the 

regenerative apparatus of the lightwave signal by this invention. 

[Description of Notations] 

2, 16, 22, 24 Optical fiber 

4 Signal Pulse 

6 6* Light amplifier 

8 Optical Band Stop Filter 

12 26 Optical band pass filter 

20 Pulse Compression Machine 

28 Transmitter 

30 34 Optical-fiber-transmission way 
32 Regenerative Apparatus 
36 Receiver 
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